Abstract. The present review examines various reports describing prevalence of primary aldosteronism (PA) among hypertensives and the screening method of PA to better understand the current concepts used for diagnosing and managing PA among clinicians as well as specialists. Here, we describe and compare the prevalence of PA in Japan, which is well known to induce various vascular complications due to hyperaldosteronemia, resulting in cerebral infarction, myocardial infarction and renal failure, with that in another Asian area, US, European countries, Australia and Africa. The incidence rates for PA among hypertensives were recently reported to be widely raged between 3.2% and 20%. Those discrepancies are due in part to the completely different characteristics of the starting subjects used for studying the prevalence. Moreover, the criteria for screening PA among hypertensives, including aldosterone-renin ratio (ARR), and confirmatory tests for definitely diagnosing PA, such as saline infusion test are varied. We had already reported that a diagnosis of PA was made in 61 (6%) of the 1,020 hypertensive patients during the past five years, from 1995 until 1999. In our study, only 18% of the patients showed a serum K level of 3.3 mEq/l or less. Thus, many clinicians seem to misdiagnose PA as essential hypertension, because of absence of hypokalemia. Finally, we describe highlight key evidence for optimal methods for screening and definitely diagnosing PA among hypertensive patients in order to avoid misjudgment before or after treating hypertensive patients.
Primary aldosteronism is a common disease
It is intriguing to consider the possibility that there might be a clearly defined cause for hypertension. Padfield had already reported that cardiovascular risk factors, which can affect as much as 50% of an older population, would be transformed if there were a specific cause or causes amenable to specific therapies [1] . There are now increasing numbers of critical reports suggesting that the prevalence of primary aldosteronism (PA) might be approximately 10% of all of those individuals with hypertension. This would make PA more common than diabetes or thyroid disease and would surely revolutionize our approach to the management of those thousands of patients with what has previously been called essential hypertension [1] . Nearly decade after Conn described the syndrome of PA in 1955 [2] , he and his co-workers suggested that hypertension due to PA may exist for many years before hypokalemia becomes demonstrable [3] . The availability of assays for plasma renin activity (PRA) made it possible to study groups of patients with essential hypertension with respect to both PRA and aldosterone secretion rates [3] . Conn suggested using the unique combination of decreased or absent PRA together with an increased secretion of aldosterone rather than hypokalemia as the initial indicator of PA.
Loh et al. [4] described that Conn [5] proved the existence of normokalemic PA with his report of 14 such patients, all of whom underwent successful surgeries with tumor sizes ranging from 2-18 mm in diameter, despite facing skepticism. Unfortunately, Conn's observation that PA occurred even in normokalemic subjects and his recommendation that every patient with essential hypertension should undergo appropriate testing to exclude this entity were subsequently forgotten by most clinicians [4] .
Nadar's review article [6] described that the accepted prevalence worldwide of PA in unselected patients with hypertension is now considered to be low, perhaps about 2% or even less than 1% [7] , although there are recent reports suggesting higher values of up to 10-15% of patients with hypertension [8, 9] . Nevertheless, there have always been wide variations in the reported prevalence of hyperaldosteronism [6] . When Conn first described the syndrome, he estimated that about 20% of hypertensives would have an adrenal adenoma [10] . This figure included all adrenal tumors, but it is now known that non-functioning nodules, macronodules and adenomas (sometimes known as incidentalomas) become increasingly common with advancing age [11, 12] .
After the initial description by Conn, studies in Caucasian populations suggested a prevalence of about 6% [13] . Following this, a review of autopsy studies from Johns Hopkins Hospital [14] revealed a prevalence of true adenomas of 1.97%. In the mid-1970s the widespread use of diuretics in hypertension led many patients with hypertension and hypokalemia, who were until then undiagnosed, to be identified as having adrenal hyperplasia or adrenal adenomas. However, once this 'backlog' was dealt with, the prevalence appeared to decline and many centers published very low prevalence values. The SUNY Health Science Center in Syracuse [15] reported a prevalence ranging from 1.5% to 2.7% of their hypertensive patients. It should be noted that, in all these reports, the prevalence or incidence values depend upon the cut-off values for diagnosing PA, as well as on the histological criteria for diagnosis [6, 12] .
We performed PA screening in 1,020 Japanese patients with hypertension, as described in detail below, and this disorder was detected in 6.0% of the patients [16] . We checked the basal levels of plasma aldosterone concentration (PAC) and PRA in all hypertensives whose blood was obtained in a recumbent position for at least 30 minutes in the morning. The patients with hyporeninemic hyperaldosteronemia were selected according to our criteria, such as more than 12.0 ng/dl of PAC and less than 1.0 ng/mL/hr of PRA. Then, furosemide plus a two-hour upright test was performed for detecting the unresponsiveness of PRA to this test. The patients showing unresponsiveness of PRA to furosemide plus the upright test were tentatively diagnosed with PA. All cases tentatively diagnosed at the outpatient clinic were admitted to the Department of Endocrinology and Metabolism, Yokohama Rosai Hospital, in order to clarify exactly the diagnosis and imaging of adrenals. The diagnosis of PA was confirmed by a captopril-loading test. The laterality of hyperaldosteronism was determined by CT and selective adrenal venous sampling. This led to an increase in diagnoses of PA.
The plasma levels of potassium were less than 3.3 mEq/L only in 18% of all patients with confirmed PA [16, 17] . It was reported that of the 90 patients with essential hypertension (EHT), not more than three patients (less than 3.3%) satisfied the diagnostic criteria for PA [18] , and it was also reported that hypokalemia is of great value in suggesting the presence of PA [18] . Komiya et al. had reported that there were 31 patients with PA (20 cases of aldosterone-producing adenoma and 11 patients of idiopathic hyperaldosteronism) among 772 Japanese hypertensives, suggesting that the prevalence of PA is 4.0% [19] . The prevalence of PA is gradually increasing, although PA was thought to be a very rare cause of hypertension. It has been reported that diagnoses of PA increased from fewer than ten cases per year to 90 per year in the Hypertension Unit at Greenslopes Hospital, Brisbane, Australia, since the aldosterone-renin ratio (ARR) for identifying patients with PA, combined with the fludrocortisone suppression test, has been applied to all hypertensives [20] . Most of their patients with PA come from screening normokalemic hypertensives [20] , suggesting that the incidence of PA rises after screening previously untested normokalemic hypertensives.
On the other hand, Gordon described that the incidence of PA among hypertensives is unknown, and may vary with geography and ethnicity [20] . The recent incidence of PA has been reported to be almost 20% among patients with EHT, from the data of the Mayo Clinic [21] . They screen PA by an ARR of more than 15 ng/dl of PAC, and the annual incidence of PA now shows a tenfold increase during these eight years, compared with that before 1990 [21] .
The results obtained from these prevalence studies may be biased because hypertensive subjects were recruited from specialist referral centers. Nevertheless, in the only study conducted in a primary care practice, Lim and colleagues in the United Kingdom [22] found elevated ARR in 14.4% of their patients, similar to the proportion obtained from their earlier study in specialist referral clinics. They concluded that about 1 in 10 of their hypertensive patients had PA, however, these figures were based only on the projected positive predictive value of their ARR cut-off, as confirmatory tests were not performed in these subjects.
The prevalence of PA, as reported from 1994 to 2006, is summarized in Table 1 . The incidence rates ranged widely between 3.2% and 21.7%. As shown in Table 1 , subjects for the study analysis were quite different, such as unselected hypertensives or patients referred to the hypertension unit. Such discrepancies are not unusual, because the characteristics of starting subjects for studying the prevalence were completely different. Moreover, the criteria for screening PA among hypertensives, including the value of ARR, and confirmatory tests for definitely diagnosing PA, such as the saline infusion test, are varied, according to each report (Table 1) . Thus it is not always possible to compare the prevalence rate of PA in our experiments [16, 17] with the others described in Table 1 . As shown in Table 1 , our data reported in 2000 [17] are not completely consistent with those in 2004 [16] . We have already reported the incidence of PA in these 1,020 patients in our previous report [17] ; however, we diagnosed 6 more patients with PA in this population [16] after submitting the previous report [17] . Those data shown in Table 1 demonstrated that PA is not rare Summarized data by Mulatero et al. [26] gives results which were collected from various countries. ARR: aldosterone-renin ratio; PRA: plasma rennin activity; PAC: plasma aldosterone concentration; FST: fludrocortisone-suppression test.
among hypertensives. We should take note that many clinicians seem to misdiagnose PA as essential hypertension, because of the absence of hypokalemia. We therefore need to determine the PRA and PAC before treating hypertensives, although those hormonal examinations were reported to be economically impractical [28] . Vascular complications, including cerebral infarction and myocardial infarction, are frequently observed in patients with PA [29] [30] [31] [32] . Thus, we should make an appropriate early diagnosis of PA in hypertensives and also even in normotensives in order to prevent various aldosterone-induced vasculopathies, because there has been a report demonstrating a case of normotensive PA [33] . In addition, racial differences must be considered. Gordon et al. [8] reported a 12% probable incidence of PA among 199 selected normokalemic hypertensive patients in Australia. As not all subjects who screened positive underwent confirmatory studies, the minimum incidence based on biochemically confirmed cases from this selected Caucasian hypertensive population was 8.5%. The reported prevalence of PA obtained from the small number of studies performed in other selected Caucasian hypertensive populations ranged from 2.7-16.6% [34, 35] ; whereas, an Asian study reported an 8.7% prevalence of PA and a 2.9% incidence of unilateral adrenal adenomas [36] . A study from Singapore [4] suggested that the prevalence of primary hyperaldosteronism was higher in the Chinese population (about 5-15%), with most of the patients having normal serum potassium. Another study, from South Africa [37] , suggested a prevalence range of 3.3-10.1% of all their patients with hypertension. This study is particularly interesting as it was found that, although normotensive blacks had significantly lower plasma renin activity and aldosterone than their white counterparts, there was no significant difference between the ethnic groups among the hypertensive patients, suggesting that the different prevalence rates have geographic rather than racial causes. In a review involving 7 areas between 1981 and 2003, the incidence of PA was 6.6% [38] , which was similar to what we reported (6%) [16, 17] ; internationally, the incidence of PA in hypertension patients was estimated to be 6%.
How to screen PA
The incidence of PA differs among screening methods. The apparent increase in the reported prevalence of PA over the last decade is likely to reflect the improvement in screening methodologies. Using the ARR as a screening tool, Hiramatsu and colleagues [39] identified and successfully operated on 9 patients with aldosterone-producing adenoma from a study of 348 hypertensive patients, thus giving a prevalence of 2.6% for aldosterone-producing adenoma in a hypertensive population from Japan. Importantly, they were able to demonstrate that the finding of normokalemia provided little assurance that aldosterone-producing adenoma was absent, as normokalemia was found in 6 of the 9 patients. It was reported that no patient showed a falsely elevated ARR [40] . Data suggest that the ARR is a valid screening assay for PA in patients with poorly controlled blood pressure, and discontinuation of antihypertensive medications is not needed for this test [40] .
In our method, patients with hypertension were rested in bed for 30 minutes, and blood was collected to measure the PRA and the PAC [16, 17] . Screening was performed in patients with a PRA value of less than 1.0 ng/ml/hr and a PAC of 12.0 ng/dl or more. We conducted a furosemide load test with patients in the upright position for 2 hours. In patients in whom PRA was less than 1.0 ng/ml/hr after 2 hours, further investigation was performed under a tentative diagnosis of PA. In addition, we conducted a captopril (50 mg) load test, and patients with a ARR value of more than 25 after 90 minutes were diagnosed as having PA via autonomous aldosterone secretion [16] . Of the 1,020 patients with hypertension, 119 met the criteria: a PRA value of less than 1.0 ng/ml/hr and a PAC of 12.0 ng/dl or more. In 83 patients, PRA was less than 1.0 ng/ml/hr after the furosemide loading plus 2-hour upright test. After admission, the results of further examinations, including ACTH-stimulated adrenal venous sampling, suggested a definite diagnosis of PA in 61 patients [16] . We performed the screening test based on absolute values of PRA and PAC. However, many studies have employed the ARR as a simple and useful index of PA. Hiramatsu et al. [39] initially used this index for PA screening; antihypertensive agents were discontinued in the presence of a standard diet, and blood was collected in the standing position to compare ARR. This procedure facilitates PA screening, with a cut-off value of 40. Their study included patients who were referred for detailed examination of hypertension, but not any outpatients. Therefore, a prospective survey involving residents and primary-care patients should be performed to compare the cut-off value. In addition, to establish specific diagnostic criteria, conditions such as posture at blood collection (standing, supine, and sitting positions), diet (free, salt restricted), and antihypertensive agents (after treatment for a few weeks, no administration, and low-dose therapy permitted) must be standardized. Estimation of the ARR value is not always done as a routine procedure on all patients with hypertension, since PRA as low as 0.1 ng/mL/h, which is often reported in elderly people, black people, and people with hypertension [41] , would give a raised ARR even if the PAC is low or normal [42] . As reported by Fardella et al. [23] , absolute values of ARR and PAC should be considered in addition to cut-off values for accurate screening. Therefore, we reported that a PRA value of 1 ng/ml/hr or less with a PAC of 12 ng/dl or more suggested PA, and did not perform screening with ARR. To investigate the reproducibility of PRA, PAC and ARR, Tanabe et al. [43] compared these parameters after collecting several blood samples in 71 patients with PA. In all patients, blood samples were collected without restricting their diet (salt intake), medication, posture or the timing of blood collection. The PRA and PAC values were normal in some patients, and they indicated that it was difficult to evaluate the presence or absence of PA using a single blood sample; PA should be diagnosed using several blood samples. Furthermore, they compared PAC between blood samples collected at the outpatient clinic and those from the ward of the in-patient clinic, and finally demonstrated that the former samples showed a significantly lower value. Therefore, specific conditions for blood collection should be established. A systematic review of the prospective reports of the ARR as a screening test for PA in patients with presumed essential hypertension [44] . The authors [44] mentioned that it remains a nonstandardized test of the ARR since investigators have not systematically studied the impact of alternative testing conditions, such as position, diet and anti-hypertensive medication use at the time for determining the ARR. Thus, we always examined patients with hypertension, who were rested in bed for 30 minutes in the morning, and blood was collected to measure PRA and PAC. Screening was performed in patients with a PRA value of less than 1.0 ng/ml/hr and a PAC of 12.0 ng/dl or more. We need further studies for determining the cut-off value of the ARR to screen probable cases with PA among unselected hypertensives.
Concerning the significance of the serum potassium (K) level in the diagnosis of PA, Gordon suggested that PA screening with the serum K level is difficult, as all PA patients initially develop normokalemia (normokalemic PA and hypokalemic PA are not different entities) [20] . The serum K level may be influenced by dietary factors, such as salt intake, the severity of PA and the period of excessive aldosterone secretion. In addition, this parameter may depend on the aldosterone sensitivity of the renal tubules in individual patients with PA. Therefore, they indicated that PA is exactly present regardless of the serum K level (normokalemia or hypokalemia). In our study, only 18% of the patients showed a serum K level of 3.3 mEq/l or less [16, 17] . If our patients had been screened based on the serum K level alone, 82% of them would have been missed.
Classification of subtypes of PA
PA is endocrinologically and pathophysiologically classified as a form of aldosterone-producing adenoma (APA) [2] , idiopathic hyperaldosteronism (IHA) [45] , unilateral adrenal hyperplasia (UAH) [46] , primary adrenal hyperplasia [47] , adrenal cancer [48] , glucocorticoid remediable aldosteronism [49] , familial hyperaldosteronism type II [50] and unilateral multiple adrenocortical micronodules (UMN) [51] . The most common types of PA are APA and IHA. APA typically responds to unilateral adrenalectomy, which corrects hyperaldosteronemia and can attenuate hypertension. The medical management of IHA is generally recommended [52] [53] [54] [55] , since unilateral or subtotal adrenalectomy results in the rates of cure of hypertension only 15-20% [47, 52] . Therefore, distinguishing APA from IHA is critical for deciding on the type of treatment.
It has been reported that among the PA types, solitary adrenal adenoma-related PA (APA) comprises the highest proportion (more than 50%) [56] . Idiopathic hyperaldosteronism (IHA) with micronodular or nodular hyperplasia of the bilateral adrenal glands comprises 20 to 30% of PA patients [57] . Gordon [20] reported that IHA comprised 70 to 80% of PA patients. Young [21] indicated that IHA comprised approximately 80%.
There is a limitation for differentiating APA from IHA, because the size of APA is usually so small that CT images cannot always detect the lesions [16, 17, 51, 58] . In evaluating whether the lesion involves the unilateral or bilateral adrenal glands, diagnostic imaging of the adrenal glands is less accurate, and microlesions may frequently be missed, resulting in a diagnosis of IHA. We compared the proportion of each disease type classified based on the etiologies of PA, with our data (Fig. 1) [59] . We collected adrenal venous blood under ACTH loading in all patients to make a definitive diagnosis of hyperaldosteronism and to detect the laterality of the adrenal lesion. In addition, we differentiated between unilateral and bilateral adrenal lesions in PA by histopathological examinations of the resected adrenal tissues [16, 17, 51, 58] . In our data [16] , adenoma patients comprised 74%, and the proportion of patients with IHA in PA patients was markedly lower than the values in other studies, except the previous findings reported by Phillips et al. [60] ( Table 2 ). In the diagnosis of PA, localization should be accurately evaluated in order to select appropriate therapeutic strategies, such as unilateral adrenalectomy and drug treatment. aldosterone-producing macroadenoma, APA: aldosterone-producing adenoma, IHA: idiopathic hyperaldosteronism, GRH: glucocorticoid-remediable hyperaldosteronism, UAH: unilateral adrenal hyperplasia, PAH: primary adrenal hyperplasia, UMN: unilateral multiple adrenocortical micronodules, EC: ectopic aldosteronism, CA: carcinoma 
Conclusion
The present review revealed that the incidence of PA is unexpectedly high among patients with hypertension, and that aldosterone-producing adenoma, which seems to be a main cause of PA, can be simply treated by unilateral adrenalectomy, although Kaplan [65] had recently reported that expensive laboratory procedures, invasive diagnostic tests, and unnecessary surgery will be avoided. Thus, it is important to accurately diagnose PA and also to differentiate unilateral hyperaldosteronemia from bilateral lesions. Our data suggest that the hyperproduction of aldosterone is only detectable by ACTH-stimulated adrenal venous sampling. Finally, we would like to emphasize that early diagnosis of PA among hypertensive patients by measuring PRA and PAC is essential and important for all clinicians in order to prevent hypertensive vascular complications induced by hyperaldosteronemia.
